Introduction
There have been numerous reports on a variety of serum cholinesterase (ChE) molecules in terms of purification1), a method of fractionation2), genetic factors3), inter-transfer4) and the relationship between ChE and disease5). However, in our opinion ChE isoenzyme have not sufficiently been explored, as compared to lactate dehydrogenase (LDH). Of the previous investigations using laboratory animals, there are only the reports by Hess et al. 6 ) and
Bernson et al. 7 ) that describe the number of bands of ChE isoenzymes in such animals as cats and rats.
We have previously reported sex-and age-related differences in ChE isoenzymes in Wistar rats8). In the present study we determined the ChE isoenzyme patterns for various laboratory animals using polyacrylamide gradient gel electrophoresis (PAGEp) to determine if there was a sex-related difference in these patterns and a possible relationship between these patterns and the ChE activities.
Materials and Methods

Animals
Rats (Shizuoka Laboratory
Animal Center, Shizuoka), hamsters, guinea pigs, rabbits and quail (Nippon Institute for Biological Science, Ohme), dogs (Yamanashi Dog Breeding Center, Yamanashi) and monkeys, pigs and horses (Azabu University) were used, as listed in Table 1 . For indoor breeding, the lighting schedule was 12 hours light: 12 hours dark, with the lights being turned on at 0600.
2. Sample collection and specimen preparation prior to assay After the blood specimens were collected, the samples were centrifuged at 2,500rpm for fifteen minutes. The separated serum samples were then they were assayed.
Electrophoresis of the cholinesterase (ChE)
The patterns of ChE isoenzymes were determined using PAG-Ep. The electrophoresis was performed for 80 minutes, using a 3. hours. Copper (II)staining was performed by immersing the gel in 3M ammonium sulfate solution gel was placed in a 7% acetic acid solution for 24 hours before it was scanned at 620nm in a transmission densitometer (Beckman DU-8). The individual ChE isoenzyme percentages were calculated from the integration counts of the individual peaks obtained from the scanning procedure.
Enzyme assay
The activity of the serum ChE was determined by Ellman's method10). Using Ellman's method, the total ChE activity was calculated from the increase in absorbance at 412nm due to the reaction of thiocholine. The thiocholine was formed from the enzymatic hydrolysis of AcSCh with 5, 5-dithio-bis-2-nitrobenzoate ion, producing the yellowish 5-thio-2-nitrobenzoate ion. The reagent solution used was 3.0ml of 0.1M
The rate of non-enzymatic hydrolysis of AcSCh units per minute. observed. Bands 5 and 6 were regarded as "main bands" and bands 1, 2 and 3 as "sub-bands". In addition, band 4, a very faint band, was also detected.
Neither sex-nor strain-related variations was not found in the total number of the isoenzyme bands from the Wistar or SD rats. The authors thought it would be advantageous to take into consideration the variation in the molecular weights in the analysis of the serum ChE isoenzymes. For this reason, the PAG-Ep technique, with which a molecular sieving effect operates, was used instead of simple electrophoresis, which depends only upon the elec- Since the proportion (percentage) of bands 5 and 6 were reversed between the male and female of both strains, this indicates a sex-related difference. As the proportions of band 6 for male and female SD rats were significantly much higher than were found in the Wistar rat strain, a strain-related variation was indicated. Thus, the proportion (relative concentration) of fractions of the serum ChE isoenzymes in the rat strains was proven to vary by sex and also between the different strains of rats (Wistar and SD). Fig. 3 shows the patterns of ChE isoenzymes from different animal species obtained using the PAG-Ep procedure. For these different laboratory animals, Fig. 4 illustrates the proportions of each ChE band.
The total numbers of fractions of the ChE isoenzyme found in the horses, pigs, dogs, monkeys, rabbits, guinea pigs, hamsters and quail were 4, 3, 3 -5, 3, 4, 3, 4, and 3 bands, respectively. The speciesrelated variation of these animals was demonstrated in the total number of ChE fractions that we detected. Although a sex-related variation was found in the rats, similar differences were not observed in these animals.
2. ChE activity The activities of serum ChE are compared between Wistar and SD rat strains in Fig. 5 . In this comparison, the female rats had higher ChE activity than the males. Therefore, sex-related differences were found in the activities of ChE from both rat strains, as well as in the proportions of the individ- We found a possible relationship between the serum ChE activity and the "main bands" of the ChE isoenzymes, as the ChE activity observed in the female rats was higher than that found in male rats for all age groups we examined.
Thus, it appears that there is a relationship between the serum ChE activity and the proportions of the ChE isoenzyme bands detected in the rats.
In Fig. 6 M: male, F: female.
